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IMPROVED SWITCH CAPACITOR CIRCUIT AND APPLICATIONS 
5 THEREOF 

TECHNICAL FIELD OF THE INVENTION 

10 This invention relates generally to signal processing and in particular to signal 

processing utilizing switch capacitor circuits. 

BACKGROUND OF THE INVENTION 

15 As is known, switch capacitor circuits are used in a variety of applications. One 

such application is within an over sampling analog to digital converter. Such an over 
sampling analog to digital converter includes an over sampling front-end quantizer and a 
digital decimation filter. The over sampling front end quantizer may be a Sigma Delta 
modulator that includes switch capacitor circuits. The switch capacitor circuits are 

20 utilized to sample an input voltage with respect to reference voltages and to provide the 
sample to an operational amplifier and comparator. Based on this sampling, the front-end 
quantizer produces a high-speed single bit digital output stream, via the operational 
amplifier and the comparator. The digital decimation filter receives the high speed 
single-bit digital data stream and converts it into digital words. 

25 

In most over sampling analog to digital converter applications, the analog input is 
AC coupled to the analog to digital converter. As such, the DC components of the input 
signal are rejected thereby avoiding common mode issues. As a result, the reference 
voltages utilized within the switch capacitor circuit are the same. However, such an 
30 implementation does not provide the optimum common mode solution needed in certain 
applications where the analog input is DC coupled to the analog to digital converter. 
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Therefore, a need exists for an improved switch capacitor circuit that compensates 
for common mode issues such that the improved switch capacitor circuit may be utilized 
in a variety of applications, including analog to digital converters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a schematic block diagram of an analog front end for use in a 
telecommunication system in accordance with the present invention; 

Figure 2 illustrates a schematic block diagram of an over sampling front end 
quantizer that includes the improved switch capacitor circuit in accordance with the 
present invention; 

1 5 Figure 3 illustrates a schematic block diagram of an alternate over sampling front 

end quantizer that includes the improved switch capacitor circuit in accordance with the 
present invention; and 

Figure 4 illustrates a schematic block diagram of another over sampling front-end 
20 quantizer that includes the improved switch capacitor circuit in accordance with the 
present invention. 



DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

25 

Generally, the present invention provides an improved switch capacitor circuit for 
use in a wide variety of applications. The improved switch capacitor circuit includes a 
capacitor, a 1st voltage reference module, a 2 nd voltage reference module, and a plurality 
of switching elements. The capacitor is operably coupled via the plurality of switching 
30 elements to sample an input signal during a 1 st interval of a sampling period and during a 
2 nd interval of the sampling period to provide a representation of the input signal. The 2 n< 
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reference module produces a 2 nd reference voltage that is representative of the common 
mode of the supply (e.g. V DD and V ss ). The 1 st voltage reference module produces a 1 st 
reference voltage that is representative of the common mode of the analog input signal. 
As such, the capacitor is charged during the 1 st interval based on the 1 st reference voltage 
5 and discharged during the 2 nd interval based on the 2 nd reference voltage. With such an 
improved switch capacitor circuit, common mode issues associated with DC coupling an 
analog input to an analog to digital converter are substantially reduced, thereby allowing 
for improved analog to digital conversion in a wide variety of applications. 

10 The present invention can be more fully described with reference to Figures 1 

through 4. Figure 1 illustrates a schematic block diagram of a telecommunication analog 
front end 10. The analog front end (AFE) 10 includes a digital to analog converter 12, an 
analog to digital converter 14, and a hybrid circuit 16. The digital to analog converter 12 
receives digital transmission signals 22 from a telecommunication processing device 

15 (e.g., a SHDSL modem, HDSL modem, ADSL modem, UADSL modem, 56k modem, et 
cetera). The digital to analog converter 12 converts the digital transmission signals 22 
into analog transmit signals 24, which are provided to the hybrid circuit 16. 

The hybrid circuit 16 includes a transformer Tl and a plurality of resistors Rl 
, 20 through R6. As coupled, the resistors Rl through R6 provide the coupling of 

transmission data and receive data. The transmit data is represented by the transmit 
signals 24 and the receive data is represented by receive signals 26. With this 
embodiment of the hybrid circuit 16, resistors R2 and R5 are adjustable to provide a 
balanced impedance matching of the line driven by the secondary winding of the 
25 transformer TL As the resistors R2 and/or R5 are adjusted to provide impedance 
matching, the common mode of the receive and transmit signals 24 and 26 vary. 

The analog to digital converter 14 is operably coupled to receive the receive 
signals 26. The analog to digital converter 14 includes a Sigma Delta modulator 1 8 and a 
30 digital decimation filter 20. A Sigma Delta modulator 18, which includes the improved 
switch capacitor circuit, which will be described with reference to Figures 2 through 4, 
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receives the receive signal 26 and produces a digital stream of data 28. The digital 
decimation filter 20 produces a digital receive signal 30 from the digital stream of data 
28. In the illustration shown, the analog to digital converter 14 may be implemented 
utilizing CMOS technology, which typically requires a power source of 2.5 volts to 3.3 

5 volts. The hybrid circuit 16, however, is typically powered at approximately 5 volts. As 
such, to provide the selectable impedance matching, resistors Rl - R6 of the hybrid 
circuit 16 are needed, but they DC couple the receive signal 26 to the analog to digital 
converter 14. Thus, the common mode of the receive signal 26 is different than the 
common mode of the power source for the analog to digital converter 14, which creates a 

1 0 common mode issue for the analog to digital converter. The issue being that the sigma 
delta modulator output may have a substantial DC offset and/or common mode error. By 
utilizing the improved switch capacitor circuit as described herein, the common mode 
issue is substantially resolved. 

1 5 Figure 2 illustrates a schematic block diagram of the Sigma Delta modulator 1 8, 

which includes the improved switch capacitor circuits. The Sigma Delta modulator 
includes a plurality of operational amplifiers 42, 48 and 50, a comparator 40, a plurality 
of resistors R7 through RIO, a plurality of capacitors CI through C6 and a plurality of 
switching elements SI A through S4A and SIB through S4B. The 1 st voltage reference 

20 module 46 includes operational amplifier 48 and resistors R7 and R8. By having the 

impedances of R7 and R8 substantially matched, or having any desired impedance ratio, 
and coupling the operational amplifier 48 as a unity gain amplifier, the output of 
operational amplifier 48 represents the common mode voltage of the receive signal 26. 

25 2 nd voltage reference module 44 includes operational amplifier 50 and resistors 

R9 and R10. With resistors R9 and R10 having substantially equal impedances, or 
having any desired impedance ratio, the tap of this resistor divider provides a common 
mode representation of the supply, which is represented by the differential voltage 
between V D d and V S s- By coupling the operational amplifier 50 in a unity gain manner, 

30 the output of the operational amplifier represents the 2 nd reference voltage. 
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Capacitor CI, the 1 st and 2 nd reference modules 46 and 44, switching elements 
SI A through S4A, which may be implemented via CMOS transistors, MOS transistors, 
or any other type of transistors or switching devices, comprise an improved switch 
capacitor circuit. In this illustration, the Sigma Delta modulator 18 is shown as a 
5 differential circuit. As such, a 2 nd improved switch capacitor circuit includes the 

capacitor C2, the 1 st and 2 nd voltage reference modules 46 and 44, and switching elements 
SIB through S4B. 

In operation, during a 1 st interval of the sampling period, SI A and S3 A are closed 
1 0 such that a charge is built up across capacitor C 1 based on the receive signal 26 and the 
1 st reference voltage. Similarly, SIB and S3B are closed such that a charge is built-up on 
capacitor C2 via the receive signal 26 and the 1 st reference voltage. During a 2 nd interval 
of the sampling period, SI A, S3A, SIB and S3B are opened, while S2A, S4A, S2B and 
S4B are closed. During this interval, capacitors CI and C2 are discharged with respect to 
1 5 the 2 nd reference voltage and capacitors C3 and C4, respectively. 

The output of differential operational amplifier 42 is provided to the inputs of 
comparator 40. The output of comparator 40 produces a bit in the digital stream of data 
28 for each sampling period. Note that capacitors C5 and C6 provide a common mode 
20 input to the differential operational amplifier 42. In this configuration, the common 

mode issues caused by DC coupling the receive signal 26 into the Sigma Delta modulator 
1 8 is overcome by utilizing the 1 st voltage reference module 46. To further offset the 
common mode issues with respect to the reference signal 26 having a different voltage 
range than the supply, the 2 nd voltage reference module 44 is included. 

25 

Figure 3 illustrates a schematic block diagram of an alternate Sigma Delta 
modulator 1 8. In this embodiment, the Sigma Delta modulator 1 8 includes the 
comparator 40, the operational amplifier 42 and two improved switch capacitor circuits. 
The 1 st switch capacitor circuit includes capacitor CI, switching elements SI A, S2A, S3 
30 and S4A, and the 2 nd voltage reference module 44. The 2 nd improved switch capacitor 
circuit includes capacitor C2, switching elements SIB, S2B, S3 and S4B. In this 
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embodiment, during the 1 st interval of a sampling period, S1A, S3 and SIB are closed. 
During this interval, a charge representing the receive signal 26 is built-up across 
capacitor CI and C2. During the 2 nd interval of this sampling period, S1A, SIB and S3 
are opened, while S2A, S4A, S2B and S4B are closed. In this manner, the charge across 
5 C 1 and C2 is provided to capacitors C3 and C4 with reference to the voltage reference, 
which is produced by the 2 nd voltage reference module 44. The operation of the 
operational amplifier 42 and comparator 40 is as described with reference to Figure 2. As 
one of average skill in the art will appreciate, this embodiment still overcomes the issues 
associated with DC coupling an analog input to the analog to digital converter. 

10 

Figure 4 illustrates a schematic block diagram of a single ended Sigma Delta 
modulator. The single ended Sigma Delta modulator 18 includes the 1 st voltage reference 
module 46, the 2 nd voltage reference module 44, the operational amplifier 43, and 
comparator 40. In this embodiment, only a single improved switch capacitor circuit is 

1 5 used. The switch capacitor circuit includes capacitor C 1 , switching elements S 1 through 
S4, the 1 st voltage reference module 46 and the 2 nd voltage reference module 44. In this 
embodiment, the 2 nd voltage reference module 44 provides a reference voltage that is 
coupled to the inverting input of the operational amplifier 43, one leg of the received 
signal 26, and an input of the comparator 40. The non-inverting input of operational 

20 amplifier 43 is operably coupled to receive the signal provided by the switch capacitor 
circuit. In operation, during a 1 st interval of a sampling period, SI and S3 are closed. As 

st 

such, a charge is built-up across capacitor CI based on the receive signal 26 and the 1 
reference voltage. During a 2 nd interval of the sampling period, the charge built across 
CI is transferred to capacitor C3 based on the 2 nd reference voltage. As such, the DC 
25 component of the receive signal 26 is compensated for as well as the differences in 
voltages between the received signal and the power source. 

The preceding discussion has presented an improved switch capacitor circuit and 
applications thereof. As one of average skill in the art will appreciate, other 
3 0 embodiments may be derived from the teaching of the present invention without 
deviating from the scope of the claims. 



